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SECTION  I 

8 COPE  OF  THE  INVESTIGATION 

A.  General  Nature  of  the  Problem. 

The  present  report  Is  a  summary  of  the  Investigation 
under  Contract  No*  DA-18-064-404-CML-495,  on: 

1*  the  synthesis  of  fluorescent  compounds  to  deter¬ 
mine  which  of  these  will  react  rapidly  wtth  small  amounts 
of  protein  and/or  nucleic  acids. 

2.  the  preparation,  purification  and  characteriza¬ 
tion  of  oxidation-reduction  Indicator  dyes,  such  as  the 
tetrazollum  salts,  so  that  their  applicability  with  res¬ 
pect  to  the  detection  of  aerosolized  bacteria  can  be 
studied. 

Earlier  work  by  the  author  Indicated  that  fluorescent 
compounds  can  be  used  to  detect  organic  compounds  below 
the  mlcrogram  range  (1  x  10“^  g.)(1,2),  Therefore,  It 
seemed  desirable  to  Investigate  compounds  which  on  the 
basis  of  their  structure  are  expected  to  show  an  Intense 
fluorescence*  8uch  compounds  may  be  used  to  attach  react¬ 
ive  groups  which  can  react  with  proteins  and/or  nucleic 
acids  and  give  either  an  Increase,  shift  or  quenching  of 
their  fluorescent  Intensity. 

Also  earlier  work  by  the  author  at  Synthetical  Lab¬ 
oratories,  Chicago,  Illinois,  and  at  Brooklyn  College 
(after  1950)  has  been  concerned  with  the  synthesis  and 
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properties  of  tetrazolium  compounds  and  their  application 
to  viability  of  seeds,  detection  of  malignancy  In  neoplas 
tic  tissues,  reducing  enzymes  and  In  general,  reducing 
functional  groups  of  organic  compounds.  However,  no  sys* 
tematlc  and  accurate  work,  has  been  done  on  the  redox 
potentials  of  these  types  of  compounds  which  would  help 
one  to  predict  the  structures  that  would  give  extreme 
sensitivity  of  detecting  viability  or  living  organisms. 


6  See 


i  ii  mil'll  n  m  \  iT»  i.Li  ni  rni  pm 


1.  To  synthesize  and  study  the  properties  of 
phthaleln  type  of  compounds 

2.  To  synthesize  and  study  the  properties  of  the 
sulfonohthaleln  type  of  compounds 

3.  To  synthesize  and  study  the  properties  of  the 
fluorescein  type  of  compounds 

4.  To  synthesize  and  study  the  properties  of  tet- 
razoilum  salt  type  of  compounds  and  their  corresponding 
formazan8 
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8ECTI0N  II 

SELECTION  OF  EXPERIMENTAL  METHODS 


A.  Preparation  of  Phthateins.  Sulfonohthaleins  and 
Fluoresceins. 

The  general  method  employed  throughout  is  to  con¬ 
dense  aromatic  anhydrides  of  dtcarboxylic  acids,  as  for 
example,  Dhthalic  anhydride  wi'th  an  aromatic  phenol. 
Phthallc  anhydride,  chloro-,  and  bromo-substituted 
phthalfc  anhydrides,  £-su I fo benzoic  acid  anhydride,  and 
halogen-substituted  &-bu Ifobenzoic  acid  anhydrides  were 
used,  A  large  variety  of  monocyclic  phenols,  with  var¬ 
ious  substituents  were  used  as  discussed  in  Sections  III 
and  IV. 

The  condensation  procedure  was  to  heat  1  mole  of  the 
anhydride  with  slightly  more  than  2  moles  of  the  phenol 
both  in  the  presence  and  the  absence  of  condensing  agents 
such  as  concentrated  sulfuric  acid  and  anhydrous  zinc 
chloride.  It  was  found  that  the  latter  gave  better  results 
than  heating  without  a  catalyst  or  sulfuric  acid.  Typical 
preparations  are  described  in  Sections  III  and  IV. 

The  melt  from  the  condensation  was  boiled  with  water 
so  as  to  disintegrate  the  mass  and  remove  the  catalyst, 
then  dissolved  in  5%  sodium  hydroxide  and  the  phthalein, 
sulfonphthaleln  or  fluorescein  precipitated  by  the  addition 
of  dilute  hydrochloric  acid  to  pH  1.0.  The  product  was 
then  filtered,  dried  and  used  for  screening  directly  as 
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described  in  Section  III,  in  the  screening  test  for  fluor¬ 
escence,  Those  compounds  which  showed  appreciable  fluor¬ 
escence  with  dilution  were  selected  for  further  study. 

B.  Method, for  Rapid  Screening  for  Fluorescence. 

The  compound  was  dissolved:  (a)  in  0.1  N  NaOHj 
(b)  chloroform}  (c)  ethanol  so  as  to  give  first  a  concen¬ 
tration  of  1  mg/ml.  Then  it  was  diluted  with  the  same 
solvent  in  order  to  make  solutions  containing  1  pg/ml.  or 
less,  A  sample  solution  was  placed  In  a  6-Inch  tube  and 
irradiated  from  the  side  with  a  UV-hand  lamp  (3660  l)  (3) 
and  the  dilution  at  which  fluorescence  disappeared  noted. 
From  these  tests  the  lower  limits,  expressed  In  micrograms/ 
milliter,  of  the  compound  at  which  It  gives  a  noticeable 
fluorescence  was  determined. 

Accurate  Method  for  Determination  of  Relative  Fluor¬ 
escence. 

In  the  first  eight  months  of  the  Investigation  a  Far- 
rand  8pectrof!uorometer  was  used.  In  the  last  12  months 
of  the  Investigation  an  Amlncc-Bowman  Spectrophotofluoro- 
meter  was  employed.  Each  Instrument  has  some  advantages 
and  also  some  disadvantages. 

The  advantages  of  the  Amlnco  over  the  Farrand  are: 

1.  Engineering  -  more  compact  unit. 

2,  Lamp  -  1000  hours  for  the  blower-cooled  Amlnco  osram 
lamp  while  only  100  hours  for  the  Farrand, 
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3«  Silt  changings  the  Farrand  monochromators  must  be  open 
ed  to  change  elite. 

4.  Wavelength  changing:  the  Farrand  haa  a  gear  system 
that  has  only  two  speeds  and  Is  subject  to  Jamming. 

5.  Power  supply:  Battery  for  the  Farrand  versus  line 
operated  for  the  Amlnco* 

6.  Controls:  either  the  recorder  or  the  microammeter 
may  be  used,  but  not  both  together  In  the  Farrand. 

7.  Cuvet  size:  the  standard  size  for  the  Amlnco  Is 

5  x  5  x  40  cm,  while  the  standard  size  for  the 
Farrand  Is  IjO  x  x  Ep  cm. 

8.  Irradiation:  there  Is  a  shutter  arrangement  on  the 
Amlnco  allowing  the  sample  to  be  Irradiated  only  when 
desired. 

The  advantages  of  the  Farrand  Instrument  are: 

1.  Filters:  a  primary  filter  may  be  used  without  any 
modification. 

2,  Placement  of  the  tamp:  the  lamp  Is  far  enough  re¬ 
moved  to  prevent  any  warming  of  the  sample. 

The  compounds  on  which  accurate  measurements  of 
fluorescence  were  made  were  fractionated  by  several 
methods  so  as  to  obtain  fractions  which  had  a  higher 
purity  than  the  crude  products  first  obtained  by  the 
condensations. 

The  general  method  for  determining  the  relative 
fluorescence  of  a  sample  was  to  prepare  a  solution  In 
0.1  N  NaOH  so  as  to  obtain  a  solution  of  1  mg/ml.  then 

-5- 


DA-18-064-404-CML-495 


to  dilute  successively  with  0.1  N  NaOH  until  the  resulting 
solution  gave  about  the  same  Intensity  as  the  blank. 

Ordinary  distilled  water  was  used  at  first  but  the 
blank  was  erratic.  The  procedure  adopted  was  to  prepare 
triple  distilled  water  and  use  this  in  preparing  the  0.1  N 
NaOH  solution. 

The  Instrument  was  standardized  by  using  quinine  dis¬ 
solved  in  0*1  N  H2SO4,  at  10  ug/mt.  and  taking  serial  di¬ 
lutions  to  0.001  ug/ml.  The  reported  (4)  activation  peak 
of  350  mu  and  fluorescence  peak  of  430  mu  were  obtained. 

For  fluorescence  studies,  the  peak  excitation  and 
fluorescence  monochromator  settings  give  values  that  are 
read  from  the  photometer  In  percent  transmission.  The 
photomultiplier  microphotometer  has  a  meter  multiplier" 
attachment  that  allows  different  resistors  to  be  placed 
Into  the  Input  amplification  circuit.  The  relative  per¬ 
cent  transmission,  therefore.  Is  the  product  of  the  meter 
reading  and  the  meter  multiplier;  the  1  setting  being  the 
least  sensitive  and  the  0.001  being  the  most  sensitive. 

The  relative  percent  transmission  for  slit  width,  photo¬ 
multiplier  tube  or  pH  or  solvent  must  be  recorded,  since 
a  change  in  these  values  will  give  a  different  value  for 
the  percent  transmission.  The  selection  of  the  photo¬ 
multiplier  tube  depends  upon  the  peak  fluorescence  or 
emission  wavelength,  with  the  1P28  tube  being  more  sen¬ 
sitive  at  the  lower  wavelengths  than  the  1P21  tube. 

Blank  solvent  values  are  determined.  The  plot 
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Figure  1.  Calibration  Curve  of 
Log  of  Relative  %  Transmission 
v.  Log  of  Concentration  of  Qui¬ 
nine  In  0.1  N  H2S04»  1P21  tube, 
Slit  #3. 

Log  Re  I • 

%  T 
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of  the  log  of  relative  Intensity  of  the  sample,  minus 
relative  Intensity  of  the  blank  versus  log  of  concen¬ 
tration  should  be  linear  over  some  range  of  tow  con¬ 
centrations.  For  example  the  plot  of  the  log  of  rel¬ 
ative  percent  transmission  versus  the  log  of  concen¬ 
tration  of  quinine  Is  shown  In  Figure  t. 

0.  General  Method  for  Preparation  of  Tetrazollum  Salts. 

A  review  of  the  most  Important  methods  for  the  prep¬ 
aration  of  tetrazotlum  salts  Is  given  In  a  number  of  Mas¬ 
ter's  theses  (5)  of  the  Graduate  School  of  Brooklyn  Col¬ 
lege,  In  Nfneham's  article  In  Chemical  Reviews  (6)  and 
In  Zdenek's  review  (?), 

The  general  method  followed  In  the  present  Investi¬ 
gation  may  be  outlined  by  the  following  steps} 

(a)  Preparation  of  a  substituted  hydrazone  by  the  reaction 
of  pheny Ihydrazlne  or  substituted  pheny Ihydrazlne  and  an 
aldehyde} 

RfcHO  *  R*NHNH2  -  BfcH=NNHR"  <’> 


The  superscripts  and  R®  are  used  to  denote  the  positions 
of  the  radicals  In  the  tetrazole  ring  which  Is  ultimately 
formed  as  shown  In  Structure  (2). 
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(2) 


K'-dsjN-R2' 

n4=p!i  -rf 

X* 


x  s  halogen 


(b)  Reaction  of  the  hydrazone  with  a  dlazotlzed  amine  at 
alkaline  pHi  Inspection  of  Structure  (2)  Indicates  that 
the  radical  r5  is  derived  from  the  aldehyde  reacted  with 
the  hydrazine;  R2  Is  derived  from  the  radical  of  the  hy¬ 
drazine  and  r3  is  derived  from  the  dtazptlzed  amine  which 
1e  reacted  with  the  pheny Ihydrazone  to  produce  the  form- 
azan  as  shown  In  Structures  (3),  (4)  and  (5): 


Knhj+hnoj+hx  •>-rjn4x'  (3) 


f^NjxT  +  oh' 


Rj-n=n-oh  +x" 


<*> 


R^-c* 


N, 


N-R'1 

4 

H 


I  *  . 

N  —•  N~R5 


(5) 
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(e)  The  formazan  thus  obtained  te  Isolated,  purified  and 
then  oxidized  to  close  the  ring  and  ylelf  the  tetrazollum 
salt: 


Rs-c*V^ 
I  A 

N  =r  (NJ-R3 


+  . 

HX 

c  ,*N\  2. 

R-C'  N-R 

ft  ( 

BuONO 

1  1  -.3 

N  —  N-R 

+ 


x“ 


(6) 


(d)  The  final  step  Is  the  Isolation  and  purification 
of  the  tetrazollum  salt*  In  practically  all  cases  the 
salt  was  the  chloride,  though  In  a  few  Instances  the 
bromide  was  prepared* 

For  the  preparation  of  the  dl tetrazollum  salts  the 
same  general  method  was  employed  except  one  mote  of  a 
tetrazotlzed  diamine  was  used  In  place  of  the  dlazotfzed 
amine  and  2  moles  of  the  hydrazone  as  shown  In  Structures 


(7)  and  (8) i 


2.R-C  N-FC 
H 

R3-(n  =n-oH)2 


R?c''Nh-£  R 

i  *  ,  ft  / 

N  “N  -R3-N  =  N 
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Typical  preparations  and  discussion  of  the  problems 
encountered  In  this  phase  of  the  Investigation  are  given 
In  Sections  VII  and  VIII. 


8  ECU  ON  III 

PREPARATION  OF  FLUORESCENT  COMPOUNDS  AND 
PRELIMINARY  SCREENING 

A.  Detailed  Description  of  Method  for  Preparation  of 
Phthalelns  and  Sulfonohthalelns. 

1.  Preparation  of  Anhydrous  Zinc  Chloride,  Ztnc 
chloride  was  heated  until  liquid  In  a  metal  pot  and  stir¬ 
red  until  vl SCOU8 •  It  was  then  heated  for  an  additional 
10  minutes  and  allowed  to  coo  I  and  solidify}  crushed  with 
a  pestle  until  It  Is  a  fine  powder  (while  hot),  and  kept 
In  a  dry  stoppered  vessel,  paraftnned  at  the  stopper  to 
keep  moisture  out.  The  dry  powder  was  weighed  rapidly 
and  added  to  the  condensation  mixture  and  the  stock  bottle 
resealed, 

2.  Condensation  of  Anhydride  and  Phenol.  In  an 
8-Inch' test  tube,  0,02  moles  of  the  anhydride  and  0.04 
moles  of  the  phenol  were  heated  until  melted,  then  4  g, 
of  the  anhydrous  zinc  chloride  was  added  and  heated  for 
4-5  hours  In  an  oil  bath  at  120-140®C,  At  th-lspolnt  the 
melt  should  be  viscous  or  a  solid, 

la _ laaUilaa  of-thePhthaleln  or  Sulfonohthaleln. 

To  the  melt  10  «tl.  of  water  was  added  and  boiled.  The 
mass  was  poured  Into  100  ml,  of  water  and  mixed  with  5 
ml,  of  concentrated  hydrochloric  acid.  If  the  condensate 
does  not  precipitate,  It  Is  treated  as  described  below. 
The  precipitate  was  filtered  and  washed  twice  with  25  ml. 
of  dilute  hydrochloric  acid;  the  residue  filtered  and 
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heated  with  15  ml.  of  10#  podium  hydroxide.  50  ml.  of 
water  was  added  and  the  solution  was  allowed  to  cool.  It 
was  then  filtered  and  reextracted  with  sodium  hydroxide  un¬ 
til  colorless,  acidified  with  hydrochloric  acid  until  the 
phthaleln  precipitates!  filtered,  washed  twice  with  dilute 
hydrochloric  acid  and  then  twice  with  water,  and  then  dried 
In  an  oven  at  100°C. 

If  an  oil  results  on  disintegration  and  acidification 
of  the  melt,  dissolve  In  10#  sodium  hydroxide  by  warming 
to  50*C,  01  lute  to  500  ml.  with  water.  Warm  and  stir; 

filter  and  acidify  filtrate  with  hydrochloric  acid,  allow 
to  cool  and  filter  residue.  Wash  the  product  with  hydro¬ 
chloric  acid  and  then  water  and  dry  in  oven  at  100°C. 

B.  Fluorescent  Compounds  Synthesized. 

Table  1  summarizes  the  substituted  phthalelns,  sul- 
fonphthalelns,  and  fluoresceins  prepared  according  to  the 

method  described  In  Section  11I-A.  The  first  column  gives 

« 

the  laboratory  number  assigned  to  the  preparation  (for 
Identification  purposes);  column  2  gives  the  anhydride 
and  column  3,  the  phenol  used  in  the  condendatfon.  It 
will  be  noted  that  ho  attempt  has  been  made  to  give  chem¬ 
ical  names  to  these  condensation  products,  though  struc¬ 
tures  and  names  have  been  entered  in  the  notebooks  of  the 
project  and  also  In  some  of  the  progress  reports.  The 
reason  Is  that  no  attempt  was  made  to  Isolate  a  pure  com¬ 
pound,  determine  Its  constants  and  establish  Its  Identty 
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except  In  the  case  of  those  compounds  which  exhibited 
greater  fluorescence  Intensity  than  fluorescein*  Such 
compounds  are  treated  In  detail  In  Section  IV. 

TABLE  I 

LIST  OF  SUBSTITUTED  PHTHALE1NS,  8ULF0NPHTHALEINS  AND 
FLUORESCEINS  PREPARED 


Lab.  No*  Anhydride 

(Used  In  the 

100  £-su  I  fo  benzoic 

101  phthallc 

102  tetrahydrophthal 1c 

103  tetrachlorophthal lc 

104  tetrabromophthallc 

105  o-su I fo benzoic 

106  phthallc 

108  tetrachlorophthal 1c 

109  tetrabromophthallc 

110  a-su I fo benzoic 

111  phthallc 

113  tetrachlorophthal 1c 

114  tetrabromophthallc 

115  a-eulfobenzolc 

116  phthallc 

117  tetrahydrophthal 1c 

118  tetrachlorophthal lc 
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Phenol 

Condensation) 

4,4  bis  (4-hydroxyphenol ) 
pentanolc  acld^DPA) 

»t  ti 

n  11 

it  it 

4,4  bis  (3#5-d1chloro-4-hy- 
droxyphenol)  pentanolc  acid 

(tetrachloro  DPA) 

11  11  ' 

11  11 

11  .  11 

4,4  bis  (3,5-d1bromo-4-hydrox- 
ylphenol)  pentanolc  acid 

11  n 

11  n 

Ethyl  4,4  bis  (4-hydroxy Iphen- 
ol)  pentanoate((  (DPA  ethyl  ester) 

ft  ft 

I  I  .  II 
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TABLE  1  (continued) 


Lab*  No.  Anhydride  Phenol 

(used  In  the  Condensation) 


119 

tetrabromophthal  1c 

Ethyl  4,4  bis  (4-hydroxy Iphen- 
ol)  pentanoate  (OPA  ethyl  ester) 

120 

£-8u Ifo benzoic 

4,4  bis  (2,6-dltert-butylphenol) 

121 

phthallc 

n  it 

123 

£"sul  fo  benzol  c 

2,6-ditert-buty  l-a-methoxy-g,- 
cresol 

124 

phthal 1 c 

ii  H 

125 

tetrahydrophtha  1  i c 

n  n 

127 

phthal I c 

2,6-dltert-buty l-a-dlmethy 1- 
amino-fi,-c  resol 

129 

&-su ifobenzoic 

4,4-methylene  bis  (p-tert- 
buty jpo-cre^ol ) 

130 

phthallc 

ii  n 

131 

tetrahydrophthallc 

n  n 

133 

tetrabromophtha  He 

4,4-methylene  bis  (6  tert- 
butylphenol) 

138 

tetrabromophtha 1 1  c 

resorcinol 

C.  Preliminary  Screening  of  the  Compounds  Svnheslzed. 

1*  .Method*  The  general  method  employed  for  rapid 
screening  of  the  fluorescence  was  to  the  lower  limits  of 
fluorescence  upon  dilution,  using  the  general  method  out¬ 
lined  In  8ection  Il-B*  The  Initial  solution  In  0.1  N  NaOH 
containing  1  mg/ml.  was  diluted  with  water  by  a  factor  of 
ten  until  a  solution  was  obtained  which  upon  Irradiation 
with  the  hand  UV-lamp  failed  to  show  any  fluorescence*  The 
.  -14- 
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solution  which  showed  barely  noticeable  fluorescence  was 
noted  as  the  lower  limit  and  expressed  either  as  mg/ml .  or 
ug/ml . 

2.  Results  of  Screening,  Table  2  gives  a  summary  of 
screening  tests  of  the  20  compounds  synthesized: 


TABLE  2 

SUMMARY  OF  SCREENING  FOR  FLUORESCENCE  OF 
SUBSTITUTED  PHTHALEIN8,  SULFONPHTHALEI NS 
AND  FLUORESCEINS 


Compound  . 

lab*  No»a  Solvent  Result” 


100 

.IN  NaOH 

+ 

CHCI3 

a 

C2H5OH 

+ 

101 

.IN  NaOH 

+ 

CHCI3 

+ 

102 

C2H5OH 

+ 

.IN  NaOH 

+ 

CHCI3 

+ 

C2H5OH 

+ 

103 

.IN  NaOH  . 
CHCI3 

+ 

104 

C2H5OH 

+ 

.IN  NaOH 

+ 

105 

CHCI3 

C2H5OH 

+ 

+ 

.IN  NaOH 

+ 

106 

CHCI3 

C2H50H 

.+ 

+ 

.IN  NaOH 

+ 

•  CHCI3 

+ 

108 

C2H5OH 

+ 

.IN  NaOH 

+ 

CHCI3 

C2H5OH 

“ 

109 

.IN  NaOH 

+ 

110 

CHCl-z 

C2H5OH 

+ 

m 

•IN  NaOH 

+ 

CHCI3 

C2H5OH 

.IN^NaOH 

+ 

+ 

111 

+ 

CHCI3 

+ 

C2H5OH 

+ 
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Lower 

Hm»tc 

pH  of 
Final 

PJ.l.MjLlan 

0.03  ug/ml 

4.69 

0.6  ug/ml 

10.78 

1 .0  mg/ml 

11.1 

0.01  ug/ml 

6.6 

0.96  ug/ml 

7.2 

0.75  ug/ml 

11.1 

0.5  ug/ml 

11.40 

0.01  ug/ml 

10.00 

0.25  ug/ml 

11.25 

1.5  ug/ml 

11.40 

3.0  ug/ml 

11.45 
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TABLE  2  (continued) 


pH  Of 

Compound 

K 

Lower 

Final 

Solvent 

Result® 

Dt lutlon 

113 

.IN  NaOH 

+ 

3.0  ug/ml 

11.50 

CHCI3 

+ 

C2HrOH 

+ 

1.5  ug/ml 

114 

.IN'  NaOH 

+ 

11.35 

CHC 1 3 
C2H50H 

'  + 

m 

0.09  ug/m! 

115 

.IN  NaOH 

+ 

9.10 

CHCI3 

+ 

116 

C2H5OH 

+ 

0,18  ug/ml 

.IN  NaOH 

+ 

10.20 

CHC!  3 

+ 

C2H5OH 

+ 

0.09  ug/ml 

117 

.IN  NaOH 

+ 

8.51 

CHC!  3 

+ 

C2H5OH 

+ 

0.09  ug/ml 

118 

.IN  NaOH 

+ 

9.20 

CHCI3 

+ 

119 

C2H5OH 

+ 

0.75  ug/ml 

.IN  NaOH 

+ 

10.40 

CHCI3 

C2H5OH 

+ 

1.5  ug/ml 

120 

.IN  NaOH 

+ 

11.50 

CHCI 3 
C2H5OH 

“ 

1.5  ug/ml 

121 

.IN  NaOH 

+ 

11.45 

CHCI  3 

m 

123 

C2H5OH 
.IN  NaOH 

+ 

+ 

0.37  ug/ml 

11.40 

CHCI  3 

+  ’ 

124 

C2H5OH 

+ 

0.18  ug/ml 

.IN  NaOH 

+ 

10.10 

CHCI  3 

+ 

125 

C2H5OH 

+ 

0.3  ug/ml 

.IN  NaOH 

+ 

9.15 

CHCI  3 

+ 

127 

C2H5OH 

+ 

.IN  NaOH 

+ 

... 

... 

CHC  1 3 
C2H50H 

129 

.IN  NaOH 

+ 

5.0  ug/ml 

11.35 

130 

CHCI  3 
C2H5OH 

+ 

+ 

1.5  ug/ml 

.IN  NaOH 

+ 

11.60 

131 

CHCI  3 
C2H5OH 

+ 

+ 

.IN  NaOH 

+ 

20.0  ug/ml 

11.41 

CHCI  3 

+ 

C2H5OH 

+ 
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TABLE  2  (continued) 


pH  of 

Lower  Final 

Resultb  Llrf>itc  Dilution 

+  10.0  ng/ml  11.45 

+ 

+ 

+  0.005  vtg/m I  5.8o 

+ 

®  For  nature  of  compound,  see  number  In  Table  1. 

b  +  s  fluorescence,  -  =  no  fluorescence,  at  a  concen¬ 
tration  of  1  mg/ml. 

c  The  concentration  below  which  fluorescence  fades, 

0.  Tentative  Conclusion  from  Screening  Tests  for  Fluores¬ 
cence. 

In  attempting  to  evaluate  the  data  summarized  in  Table 
2,  It  should  be  noted  that  though  the  products  were  not 
purified  and  their  structure  not  determined  that  it  is  pos¬ 
sible  to  discern  certain  trends.  Though  the  pH  of  the  sol¬ 
ution  changed  from  about  12,45  to  that  noted  In  column  5  of 
Table  2  (which  in  most  cases  ts  In  the  alkaline  range)  one 
may  make  the  reservation  that  some  compounds  might  fluor¬ 
esce  more  strongly  at  some  particular  pH's  than  the  one 
shown  in  Column  5  of  Table  2,  It  should  also  be  noted  that 
it  may  be  more  useful  to  test  each  product  at  various  pH 
ranges  in  order  to  determine  the  optimum  pH  for  fluores¬ 
cence,  However,  even  with  this  admittedly  limited  type  of 
test,  certain  trends  are  clearly  discernible  which  are  sum¬ 
marized  in  the  following  paragraphs} 

1.  Generally,  fluorescence  In  aqueous  alkali  is  greater 

DA-18-064-404-CML-495 


Compound 

Lab.  No.®  Solvent 


133 

.IN  NaOH 

CHC 1  'j 

CaHr.OH 

158 

.IN' NaOH 

CHC  1  •* 
C2H5OH 

17 


than  In  chloroform  or  ethanol*  A  number  of  compounds  do  not 
fluoresce  In  chloroform,  but  do  eo  In  alcohol*  It  will  be 
noted  that  the  pH  of  the  diluted  solutions  at  the  lower  limits 
varies  from  6-11*  This  was  due  to  the  fact  that  pH  drops  as 
the  solution  In  0*1  N  NaOH  Is  diluted*  The  solution  of  com¬ 
pound  138,  after  dilution,  was  the  same  as  distilled  water: 
5.8. 

2.  Fluorescence  decreases  a  thousand  fold  or  more  by  partial 
hydrogenation  of  the  phthallc  anhydride  structure  (compare 
101  and  102) . 

3.  Compounds  100,  101,  103,  104,  105,  106,  109,  110,  111, 

113,  and  114  are  related  since  general  structure  Is  the  same 
but  the  substituents  vary. 

4.  Generally  eulfonphthalelns  are  more  fluorescent  than 
phthalelns  (compare  100  and  101), 

5*  Compounds  103  and  104  Indicate  that  chlorine  on  the 
phthallc  structure  has  a  greater  effect  than  bromine. 

6.  The  tentative  conclusion  Is  that  chlorine  has  a  greater 
effect  than  bromine.  Compounds  108  and  109  both  contain  8 
halogens  but  compound  108  fluoresces  about  25  times  more 
than  109. 

7.  Compounds  109  and  113  are  tetrachloro  and  tetrabromo; 
compound  109  exhibits  about  10  times  greater  fluorescence 
than  113.  This  effect  will  be  further  studied, 

8.  In  compounds  110  and  111  again  we  find  that  sulfonph- 
thalelns  have  twice  the  activity  of  phthalelns, 

9.  The  effect  of  8  chlorine  atoms  and  8  bromine  atoms  Is 

-13- 


DA-18-064-404-CML-495 


shown  by  the  compounds  108  and  114.  The  former  compound  Is 
about  15  times  more  effective  than  the  latter. 

10.  The  effects  of  sulfonphthatetn  ts  shown  by  compounds 
100,  115.  and  116.  Esterification  decreases  fluorescence. 
Compounds  102  and  117  are  compared.  These  effects  are  also 
shown  In  compounds  119  and  120. 

11.  Compounds  115  and  120  are  compared.  Both  are  sulfon- 
phthalelns  and  both  have  carboxylic  ester  groups  but  in  120 
we  have  Introduced  In  the  phenol  4  tertiary  butyl  groups  and 
the  fluorescence  Is  decreased  by  15  times. 

12.  Comparing  122,  123,  124,  125,  127,  129,  150,  151,  and 
153,  the  striking  fact  emerges  that  the  Introduction  of  an 
a-dlmethy lamlno  group  (127)  decreases  fluorescence  by  a  factor 
of  1000.  The  rest  of  the  trands  are  mainly  that  the  sulfon- 
phthalelns  are  more  fluorescent  than  phthalelns  and  the  Intro 
duct! on  of  terbuty I  groups  do  not  enhance  fluorescence. 

13.  The  most  fluorescent  compounds  are  numbers  103,  108, 
and  138.  The  last  one  Is  a  sample  fluorescein  structure  with 
4  bromine  atoms  on  the  phthatlc  anhydride  molecule.  Numbers 
103  and  108  represent  tetrabhloro  and  octachloro  phthalelns. 
It  appears  reasonable  to  expect  tetrschloro  and  octachloro- 
fluorescenn  and  tetrachloro  and  octachloro  sulfonf luorescefns 
to  be  more  active. 

14.  The  general  conclusion  (s  that  a  substituted  fluores- 
cinn  exhibits  greater  fluorescence  than  the  substituted  ph- 
tha Seine  and  sulfonphthalefns, 
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SECTION  IV 


SYNTHESIS  OF  COMPOUNDS  HAVING  GREATER  FLUORESCENT 
INTENSITY  THAN  FLUORESCEIN  ' 

A.  Theoretical  Considerations. 

Inspection  of  the  structure  of  a  typical  sulfonphthal- 
eln  (Structure  9)  and  a  typical  fluorescein  (Structure  10) 
shows  that  the  main  difference  between  the  two  structures 


Structure  9  Structure  10 

Is  that  the  two  phenolic  rings  (B)  combine  by  an  oxygen 
bridge  to  form  another  sfx-membered  ring  designated  by  (C) 

In  Structure  10.  It  was  assumed  therefore,  that  the  Intro¬ 
duction  of  this  new  slx-membered  structure  permits  a  greater 
extended  resonance  and  hence  a  greater  Intensity  In  fluores¬ 
cence.  It  was  further  assumed  that  If  this  assumption  was 
correct,  further  extension  of  resolance  could  be  Introduced: 

By  Introducing  polycyclic  structure  at  the  region  (A) 
of  the  molecule  (Structure  10),  by  using  a  dlcycllc  or  a 
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tricyclic  acid  anhydride  or  at  the  region  (B)  of  the  mole¬ 
cule  by  using  a  dtcycllc  or  a  tricyclic  phenol.  Therefore, 
a  number  of  preliminary  runs  were  made  using  first  naphthallc 
(1,8)  anhydride  with  resorcinol  and  later  quinoline  anhydride, 
and  then  various  naphthalene  dtols. 

B.  Synthesis  of  Complex  Fluoreseelns . 

Table  3  summarizes  the  condensation  products  obtained 
by  reaction  of  polycyclic  acid  anhydrides  with  resorcinol 
and  also  with  polycyclic  phenols.  Table  4  gives  a  summary 
of  a  few  exploratory  runs  to  determine  whether  fluorescent 
products  could  be  obtained  by  reaction  of  &»  and  nj-phenyiene 
d/amlnes  and  acid  anhydrides  In  accordance  with  the  following 
postulated  equation  for  &-phenylene  diamines 
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TABLE  3 

SUMMARY  OF  COMPLEX  FLUORESCEINS  PREPARED  BY  REACTION 
OF  POLYCYCLIC  *B  ANHYDRIDES  AND  MONO  AND  DICYCLIC 

PHENOLIC  COMPOUNDS 


Lab. 

No. 

Anhydride  Phenol 

(Used  In  the  condensation) 

Remarks 

230 

1,8-Naphthal 1c 

Resorcinol 

0.0008  iig/ml® 

231 

1 ,8-Naphtha  1 1c 

1 ,3-Naphtha lenedlo  1 

Poor 

fluorescence 

232 

1 ,8-Naphtha  1 1c 

1 ,4-Naphthal enedlo  1 

Poor 

fluorescence 

233 

1,8-Naphthal  1c 

1 ,5-Naphthalenedlol 

Poor 

fluorescence 

234 

1,8-Naphthal 1c 

1-Hydroxyanthra- 

qutnone 

Poor 

fluorescence 

235 

1,8-NaphthaMc 

1 ,8-D1hydroxyan- 
thraqulnone 

Poor 

fluorescence 

236 

1,8-Naphthal 1c 

8-Quinol Inol 

Poor 

fluorescence 

237 

1 ,8-Naphthal  1c 

4-(m-N1tropheny  1- 
azo)  resorcinol 

Poor 

fluorescence 

“Lower  limit  of  fluorescence  detection. 


TABLE  4 

8UMMARY  OF  CONDENSATION  PR0DUCT8  BETWEEN  o,  AND  m-PHENYL- 
ENE0IAMINE8  AND  1 ,8-NAPHTHALIC  ANHYDRIDE 

Q^amlne  JkE.  A.M.a  F.M.b  Lower  Limit 

258  m-phtnyl.n.'  350'C*  gj>  \°Z\i 

259  £-phenylened  350#C+  350  395  10“8  g/ml. 

®  Activation  monochromator 
°  Fluorescence  monochromator 
«  In  0.1N  NaOH 

0  Poor  solubility  In  NaOH  so  10  mg*  first  dissolved  In 
15  ml.  of  6n  HCI  and  brought  to  1  liter  with  0.1N  NaOH. 
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C.  Screening  of  Complex  Fluoresceins. 

The  method  of  screening  was  the  same  as  described  in 
Section  III-C.  Of  the  compounds  listed  tn  Table  3,  naphthol 
fluorescein  and  also  the  condensate  of  phthalic  anhydride  and 
bromlnated  resorcinol  showed  the  most  promising  fluorescence 
in  that  the  lower  limits  of  detection  were  far  lower  than 
that  of  fluorescein.  In  fact,  even  the  crude  naphthol  fluor¬ 
escein  showed  lower  limitB  of  detection  below  1  x  10“^2  g/ml . 
Therefore,  a  systematic  study  was  undertaken  to  obtain  a  pure 
naphthol  fluorescein  and  determine  its  properties. 

Other  interesting  compounds  were  synthesized  at  a  later 
date  from  p-resorcylic  acid  and  anhydrides.  The  main  fluor¬ 
escent  fractions  are  shown  in  Table  5. 


TABLE  5 

SUMMARY  OF  CONDENSATION  PRODUCTS  BETWEEN  B-RE80RCYLIC 
ACID  AND  NAPHTHALIC  AND  PHTHALIC  ANHYDRIDES 


Lab. 

No. 

Anhydride 

-M-.P. 

F.M.  Lower  Limit 

253 

Phthalic 

319-320#C 

290,320, 

525  10-19  g/ml. 

*  4  • 

380,475 

(370) 

(475) 

254 

1,8  Naphthal fc 

1 98-20  re 

290,380 

525  no  data 

475 

(380) 

(420) 
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0,  Preparation  and  Purification  of  Naohthol  fluorescein, 

,  t- 

1.  Nature  of  the  possibly  products  in  the  condensation 
of  naphtha  He  anhydride  and  resorcinol ,  There  are  a  number 
of  possible  structures  In  the  condensation  of  naphthallc  an¬ 
hydride  and  resorcinol  as  shown  by  the  following  formulas: 


That  the  naphtholf luorescein  prepared  according  to  the  method 
described  In  the  fol lowing  subsection  consists  of  several 
products,  each  having  different  fluorescence,  was  shown  by 
simple  fractionation  with  paper  chromatography  as  described 
In  this  section.  Therefore,  a  large  amount  of  work  has  been 
done  on  the  problems  Involved  In  the  fractionation  of  the  re¬ 
action  products  of  the  condensation  of  naphthallc  anhydride 
end  resorcinol . 
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2.  Preparation  of  naphtho I  fluorescein.  Recently  an 

old  reference  to  the  synthesis  of  naphthoif luorescefn  was 

found  (8)  and  this  method  does  not  differ  markedly  from  the 

conditions  that  have  been  described  here.  Using  three  8" 

test  tubes  as  reaction  vessels,  a  total  of  24  grams  (.062 

moles)  of  1 ,Q-naphthal 1c  anhydride  and  2 7  grams  (.25  moles) 

of  resorcinol  were  heated  to  190-200°C.  After  the  addition 

of  Zncl2»  the  reaction  vessels  were  heated  for  4  hours.  The 

crude  yield  was  16.5  grams.  This  was  fractionated  by  die- 

« 

solving  In  5%  NaOH  at  room  temperature,  filtered  and  treated 
with  6N  acetic  acid  until  a  product  precipitated  (A  -  brown). 
After  one  hour,  the  mixture  was  filtered  and  6N  acetic  acid 
added  to  give  precipitate  B  (orange-brown).  The  filtrate 
was  evaporated  under  vacuum  to  yield  precipitate  C  (red- 
orange).  Approximately  equal  quantities  of  A  and  B  were  ob¬ 
tained  and  only  small  quantities  of  C.  Fluorescent  studies 
are  given  In  Table  7. 

Another  method  of  naphthoif fuoresceln  synthesis,  using 
the  acid  chloride  of  1 ,8-naplthal Ic  anhydride,  has  been  re¬ 
ported  (9). 

3.  Chromatographic  Separation  of  the  components  of 
crude  fluorescein.  A  solution  of  10  p|.  representing  5  ng* 
of  fluorescein  was  chromatographed  on  Whatman  #1  paper, 
using  ascending  technique  with  yf,  NaCI,  5%  phenol  and  0.1N 
aqueous  NH3  (1:1:1)  as  the  developing  solvent. 

The  spots  obtained  has  the  following  characteristics: 
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Rf 

Spot  A  .20  -  red  and  nonf luorescent 
B  .62  -  yellow  and  fluorescent 
C  .90  -  dim  blue  and  f luorescent 

The  material  was  fractionated  in  the  same  manner  as 
Raphtholf luorescein  and  the  fractions  A  and  C  are  shown  in 
Table  6  with  C  possibly  being  the  yellow  form  of  p  fluores¬ 
cein  (10)  and  A  being  fluorescein  (11). 

TABLE  6 

FLU0RE8CENT,  DATA  ON  VARI0U8  FLUORESCEIN  FRACTION¬ 
ATION  PRODUCTS 

A.M.  F.M.  Lower  Umit  M.P. 

fluorescein  A  290,320  515  10"^  g/ml.  r  to  br  at 

380,475  250°C 

no  m.p.  at 
350® C+ 

fluorescein  C  same  same  10“18  g/ml.  y  to  r  at 

2lo"C 

m.p.  305-7*0 

4.  Fractionation  of  crude  naohtholf luorescein.  This 
product  i 8  described  in  Section  0-2.  The  physical  constants 
are  given  in  Table  7«  A  plot  of  the  log  of  concentration  vs, 
log  of  relative  percent  transmission  is  shown  in  Figure  2, 
for  the  peak  activation  (500  mu)  at  the  peak  fluorescence 
(525  mu).  The  expected  Beer’s  Law  curve  Is  seen  from  10“® 
g/ml.  to  10"1®  g/ml.  Below  this  concentration,  there  is 
detectable  but  erratic  fluorescence  (see  also  Section  IV), 
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TABLE  7 


PHYSICAL  CONSTANTS  OF  NAPHTHOLFLUORESCEIN  FRACTIONS 


a 


A.M.  ... 

F.M. 

Lower  Limit 

fil*. 

I.R.  M.P. 

A 

290,320,380 

475,500 

525 

lO**1?  g/ml. 

.74 

2.7-3^350*0+  -  no 
slight  melting 

B 

same 

525 

10-21  g/ml.b 

.62 

2.7-3^  225-28 *C 
strong 

C 

same 

525 

.61 

—  350 °C+  -  no 

melting 

*  0. IN  NaOH  as  a  solvent. 
b  In  O.OOIN  NaOH,  only  10"12  g/ml . 


Carbon,  hydrogen  and  oxygen  analysis  was  performed  on 
a  naphtholf luoresceln  crude  that  was  purified  by preclp Itatlon 
from  a  methanol -ether  solution  by  addition  of  water.  This 
product  was  probably  a  mixture  (m.p,  293°C)  but  the  data 
Indicates  that  the  assumed  formula  is  correct  or  nearly 
correct. 


C24H14O5  molecular  weight  382.4 


%  c 

%  H 

%  0 

Total 

calculated  75*35 

3.68 

20.97 

100.00 

• 

found  72*26 

3.99 

20.1 

96.35 

5.  Purification  of  naphtholf luoresceln  by  acetylation 
and  benzoyiation  followed  by  hydrolysis.  It  Is  expected 
that  naphtholf luoresceln  having  several  free  hydroxyl  groups 
would  react  with  acetic  anhydride  and  with  benzoyl  chloride 
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and  ylejd  the  corresponding  acetyl  and  benzoyl  derivatives, 
these  can  be  purified  by  crystallization  until  fractions 
with  constant  physical  properties  are  obtained,  then  hy¬ 
drolyzed  to  pure  naphtholf luoreaceln, 

(a)  Acetylation  of  naphtholf luoresceln.  Naphthol- 
fluoresceln  was  refluxed  for  4  hours  with  acetic  anhydride 
and  pyridine.  The  cooled  reaction  mixture  was  poured  Into 
Ice  water  and  filtered  (m.p.  of  108-13°C.  for  the  dried 
product).  It  has  the  same  fluorescence  maxima  as  naphthol- 
f luoresceln,  but  lacks  one  of  the  activation  peaks  (320  mp) 
and  has  a  lower  limit  of  g/ml. 

Hydrolysis  of  the  acetylated  compound  was  attempted 
by  heating  at  reflux  for  one  hour  with  \o%  NaOH,  The  cooled 
reaction  mixture  was  precipitated  with  6n  HCI  and  the  pro¬ 
duct  was  filtered  and  dried  (m.p.  178-84°C.).  This  mel¬ 
ting  point  1 8  similar  (191PC.)  to  that  obtained  by  A.  Ter- 
rlsse  (8)  for  the  mono  acetylated  naphthol  fluorescein. 

I.R,  data  on  the  hydrolyzed  compound  Indicates  strong 
absorption  at  2, 7-2, 9  (OH  peak), 

ib)  Benzoy latlon  of  naphtholf luoresceJti^  Naphthol- 
fluoresceln  (1  gm.)  was  dissolved  In  10  ml,  of  10%  NaOH 
and  0.8  gm.  of  benzoyl  chloride  was  added.  The  contents 
of  the  tube  were  shaken  for  20  minutes  and  then  allowed  to 
cool*  An  oily  mass  resulted  that  was  separated  from  the 
liquid  layer  and  dissolved  In  5#  NaOH  and  filtered.  The 
filtrate  (I)  was  precipitated  with  dilute  acetic  acid,  fil¬ 
tered  again  to  remove  the  precipitate  A  and  the  filtrate  (II) 
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was  treated  with  acetic  acid  until  a  second  precipitate  B 
resulted.  This  orange  precipitate  was  filtered  and  dried. 

The  filtrate  (III)  was  again  treated  with  acetic  acid  and 
the  third  precipitate  C  was  obtained.  In  O.IN  NaOH  only 
B  showed  appreciable  fluorescehce  when  Irradiated  with  a 
3660  X  lamp.  All  three  compounds  are  phosphorescent.  B 
was  assumed  to  be  the  benzoylated  compound,  on  the  basis 
of  I.R.  data,  with  a  melting  point  of  121-122*0.  and  a  lower 
limit  of  fluorescence  detection  of  10“15  g/ml,  Rf  values 
were  determined  for  this  compound  using  55?  phenol,  3#  NaCI 
and  1#  NHj  In  aqueous  solution  as  the  developing  solvent} 

Rf  =  .73.  This  compound  was  redissolved  In  5#  NaOH  and  re- 
preclpttated  with  acetic  acid.  No  spot  could  be  located 
on  paper  chromatography  with  this  compound.  The  original 
.73  Rf  spot  was  assumed  to  be  naphtholfluoresceln. 

Attemped  hydrolysis  of  benzoylated  naphtholfluoresceln 
using  10#  NaOH  and  heating  for  one-and-a-half  hours  gave 
a  product  with  the  same  physical  properties  Indicating 
hydrolysis,  6N  HCI  gave  no  Indicated  hydrolysis  products. 

It  Is  believed  that  benzoylation  of  naphtholf luorea- 
celn  takes  place  at  both  phenolic  sites  and  at  the  carboxyl- 
ate  Ion,  This  was  checked  by  benzoylation  of  naphthallc  an¬ 
hydride  which  gave  a  product;  this  test  was  negative  for  at¬ 
tempted  acetylation. 

There  Is  an  I.R,  peak  that  Is  found  for  the  benzoylated 
product  but  not  for  the  acetyl ated.  Benzoylation  of  the  acet- 
ylated  product  does,  however,  show  this  peak. 
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SECTION  V, 

USE  OF  COMPOUNDS  WITH  LARGE  FLUORESCENCE  INTENSITY  FOR 
DETECTION  OF  ORGANIC  COMPOUNDS  BY  TAGGING 

A.  Theoretical  Considerations. 

One  of  the  chief  objectives  of  the  present  investiga¬ 
tion  Is  the  preparation  of  a  fluorescent  compound  which  will 
react  rapidly  with  email  quantities  of  protein  and/or  nu¬ 
cleic  acids.  The  flu  orescein  molecule  Itself  Is  not  expected 
to  react  with  proteins  or  with  nucleic  acid.  However,  It 
offers  good  possibilities  as  a  basic  structure  on  which  to 
attach  functional  groups  known  to  be  reactive  with  proteins 
and/or  with  nucleic  acids.  Among  the  functional  groups  which 
have  been  considered  to  be  Introduced  Into  the  basic  struc¬ 
tures,  the  following  have  been  tentatively  assigned  priority 
for  Investigations 

(a)  Introduction  of  sulfonic  add  groups 

(b)  Introduction  of  a  nltro  group  which  then  could  be  con¬ 
verted  to  an  amino  group  by  reduction 

(c)  Conversion  ofthe  amino  to  a  dlazonlum  group  stabilized 
by  a  fluoroborate  Ion  to  form  a  relatively  stable  salt 

(d)  Conversion  of  the  amino  group  to  dlmethv I  ami  no 

(e)  Conversion  of  the  ammo  group  to  an  Isocvanode  and  par¬ 
ticularly  to  an  Isothlocy anode  (12)  function 

(f)  Conversion  of  the  sulfonic  acid  to  the  N-dlmethy Isulfon- 
amlde  -  8O2N  (CHjjJg 

Some  progress  has  been  made  In  this  direction  as  described 
In  the  following  pages, 
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B.  8u1fonat1on  of  Naphthol f luoresceln. 

1.  Exploratory  runs  in  the  sulfonatlon  of  naohthol- 
f luorescef n.  (a)  Naphtholf luoresceln  (2  gms.)  was  heated 
for  2  hours  at  60*0,  with  12  ml.  of  20JG  fuming  H2SO4,  poured 
Into  cold  water  and  precipitated  as  the  calcium  salt.  This 
solution  was  evaporated  to  dryness  and  the  product  gave  a 
positive  test  for  sulphur  by  sodium  fusion  techniques. 

Paper  chromatography  Indicated  a  number  of  products.  There 
was  no  success  In  attempted  Isolation  of  these  products* 

(b)  The  above  procedure  was  modified  using  6  ml.  of 
20j£  fuming  H28O4  and  the  product  was  precipitated  as  the  bar¬ 
ium  salt.  A  positive  test  was  given  for  sulphur  and  two  spots 
were  obtained  by  paper  chromatography.  Analysis  for  sulphur 
Indicates  2.54$.  A  formula  of  043^)250^58882  would  have 
6.05%  sulphur.  This  compound  on  thlB  basis  Is  obviously 
contaminated. 

(c)  The  same  procedure  as  (b)  except  that  the  temper¬ 
ature  was  80-100*0.  Analysis  for  sulphur  Indicates  4.96$C, 
Purple  crystals  were  obtained  in  (b)  and  (c). 

(d)  The  sodium  salt  was  precipitated  after  a  reaction 
at  120-140*0.  for  three  hours  with  20J6  fuming  H2SO4.  A  red 
compound  resulted  that  gave  a  positive  test  for  sulphur, 

2.  Projected  Experimentation.  In  process  Is  sulfona- 
tlon  using  the  most  fluorescent  naphtholf luoresceln  which 
will  be  Isolated  as  Its  sodium  salt. 
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C.  Nitration  of  Naphthalf luoresceln. 

Two  different  methods  of  nitration  were  used.  One 
analogue  to  phthallc  anhydride  nitration  (13)  yielded  a 
product  with  a  melting  point  of  222-225°C.  The  second 
method  was  a  nitration  of  acenaphthenequlnone  and  oxidation 
to  give  4-nltro  naphthallc  anhydride.  Literature  values 
for  this  melting  point  are  220°G  (14)  and  230°C.  (15). 

The  obtained  melting  point  of  211-214°  Indicates  that  this 
product  might  be  contaminated  with  the  3  nitro  Isomer  (16). 
I.R.  spectra  for  both  synthesis  products  were  similar. 

Attempted  synthesis  of  nitro  naphtholf luoresceln  from 
resorcinol  and  nitro  naphthallc  anhydride  gave  a  compound 
that  did  not  melt  at  over  350°C.  This  will  be  purified 
for  further  synthesis.  Also  the  characterization  of  both 
nitro  starting  materials  Is  In  progress. 

SECTION  VI. 

PROBLEMS  ENCOUNTERED  IN  THE  PREPARATION,  PURIFICATION 
AND  DETERMINATION  OF  ACTIVITY  OF  FLUORESCENT  COMPOUNDS 

Only  a  brief  summary  can  be  given  on  this  topic,  since 
any  extensive  discussion  would  Involve  considerable  space. 
However,  for  the  purpose  of  this  report  the  following  pro¬ 
blems  may  be  listed  with  some  remarks  as  to  whether  the 
problem  has  been  completely  solved. 

1.  The  selection  of  the  proper  catalyst  for  the  con¬ 
densation  of  both  phthalelna,  sulfonphthalein,  and  fluores¬ 
cein-type  of  compound:  Though  we  have  used  ZnCl2  exclus- 
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Ively,  there  Is  no  doubt  that  the  condensing  agent  gives 
rise  to  other  products  which  are  difflcultto  remove.  Con¬ 
densation  without  a  catalyst,  even  with  greater  heating 
time,  has  failed  to  give  any  appreciable  yield  of  conden¬ 
sate. 

2.  It  Is  quite  certain  on  the  basis  of  available  data 
that  at  least  two  Isomeric  naphtholf luorescelns  are  formed. 
One  fraction  shows  stronger  -OH  absorption  bands  In  the  In¬ 
frared  spectra,  than  the  other.  This  Is  believed  to  have 
both  hydroxyl  groups  free  as  shown  In  Structure  lo,  Section 
IV-A.  More  work  Is  required  for  the  final  characterization 
of  each  Isomer. 

3.  A  mare  basic  approach  Is  needed  to  the  correlation 
of  chemical  structure  and  fluorescence.  Work  has  been 
started  In  this  direction  by  Lt.  Miller  at  Fort  Detrick 
Laboratories. 

4.  A  better  method  for  the  Introduction  of  sulfonic 
acid  groups  Into  fluorescent  compounds  Is  needed  and  work 
1 8  In  progress  towards  that  direction. 

3.  Finally,  the  measurements  of  fluorescence  at  ex¬ 
tremely  low  concentrations  (1  x  lo**2  to  1  x  10“ '©)  and 
even  below  must  be  carefully  scrutinized.  For  example. 

If  we  assume  a  molecular  weight  of  382  for  naphtholf luor- 
esceln,  then  If  we  get  a  signal  at  a  concentration  of 
1  x  10’1®  g/ml,  we  are  dealing  with  about  1560  molecules 
and  If  we  get  a  signal  at  1  x  10~21,  the  number  of  mole¬ 
cules  Is  only  1.56  —  a  very  unlikely  behavior.  The 
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results  at  low  concentrations  are  very  erratic. 

The  possibility  that  molecules  are  trapped  In  pockets 
In  the  glass  and  are  not  transferred  In  dilutions  must  be 
considered.  Experimentation  using  broken  glass  In  low  con 
centratlon  fluorescent  solutions  to  absorb  fluorescent  mol 
cules  Indicates  that  this  Is  a  factor.  This  absorption  ex 
perlmentatf on  and  the  attempted  coating  of  glass  wtth  sil¬ 
icones  Is  In  progress.  Proper  mixing  Is  a  very  Important 
factor  at  low  concentration  and  this  might  be  part  of  the 
absorption  factor. 

Glassware  should  be  cteaned  in  hot  nitric  acid  and 
rinsed  with  distilled  water  and  then  blank  solvent.  01- 
chromate  cleaning  solution  and  soap  solutions  should  be 
avoided. 


SECTION  VII. 

PREPARATION  OF  TETRAZOLIUM  SALTS 

A.  Plan  for  the  Preparation  of  Formazans. 

The  general  method  for  the  preparation  of  formazans 
was  outlined  In  Section  II-D,  In  the  present  section  a 
list  of  all  the  formazans  which  have  been  planned  will  be 
given  and  typical  preparations  will  be  described,  as  well 
as  the  difficulties  encountered  In  the  Isolation,  purifi¬ 
cation  and  characterization  of  the  product. 

Table  8  gives  a  summary  of  the  monoformazans  and  the 
corresponding  tetrazollum  salts  that  have  been  scheduled 

for  preparation.  Compounds  Laboratory  number  533  to  553 
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inclusive  were  suggested  by  Lt.  Miller  of  Fort  Detrlck  Lab¬ 
oratories.  Table  9  lists  the  dlformazans  and  the  corres¬ 
ponding  salts  that  have  been  scheduled  for  preparation. 

One  plus  (+)  before  the  number  of  the  compound  Indicates 
that  the  formazan  has  been  prepared  and  purified.  Two 
pluses  (++)  Indicates  that  the  formazan  has  been  converted 
to  the tetrazol turn  salt  and  the  compound  Isolated  and  sub¬ 
mitted  to  Fort  Detrick  Laboratories  for  further  study. 


(15) 


£>  ✓Nv  2 

1 

♦Cl* 


N- 


k5 


TABLE  8 

MONOFORMAZANS  AND  TETRA- 
ZOLIUM  SALTS  LI8TED  FOR- 
PREPARATION  a 


Lab. 

No. 

„  Radicals 
r5 

In  Positions 
R 

Indicate^ 

++500 

Phenyl 

Pheny 1 

2,-T  o 1 y 1 

++501 

E.-Anlsyl 

Pheny 1 

a-Tolyl 

++502 

Methy 1 

Pheny 1 

Phenyl 

++503 

Pheny  1 

Pheny 1 

£-Toly 1 

++504 

Pheny  1 

Pheny 1 

Phenyl 

++505 

Plperony 1 

Phenyl 

2-An 1 sy 1 

++506 

Pheny 1 

Phenyl 

fc-Anlsy 1 

++507 

Pheny 1 

Pheny l 

a-Naphthy 1 

508 

Plperony! 

Phenyl 

Phenyl 

+509 

Plperony  1 

Phenyl 

2,-Toly  | 

510 

Plperony 1 

Pheny 1 

B.-To  1  y  1 

+511 

Pheny  1 

Pheny 1 

m-Toly  l 

+512 

Phenyl 

Pheny 1 

£-Anlsy  1 
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TABLE  8  (continued) 


Lab.  Radicals  tn  Positions  Indicated 

No.  r5_  R5 _  -SL 


+513 

Phenyl 

Phenyl 

p-Naphthy 1 

+514 

Plperony  1 

Pheny 1 

m—T 0 1 y  1 

+516 

Plperony 1 

Pheny  1 

a-AnIsyl 

517 

Plperony  1 

Pheny  1 

a-Naphthy 1 

+520 

a-An  1 3y  1 

PhBny 1 

a-Anlsy 1 

+521 

a-An  |  ey  1 

Pheny 1 

a-Naphthy 1 

+522 

a-Anlsy  1 

Pheny 1 

Phenyl 

+523 

Phenyl 

a-NI tropheny 1 

Pheny 1 

+524 

a-Nf tropheny 1 

Pheny 1 

Pheny 1 

+525 

Phenyl 

Pheny 1 

a-NItropheny 1 

527 

E-Propy 1 

Pheny 1 

Pheny 1 

528 

Plperony 1 

a-NItropheny 1 

Phenyl 

529 

Plperonyl 

a-Nl tropheny 1 

a-Anlsy 1 

530 

Plperony 1 

a-NItropheny 1 

a-NItropheny 1 

531 

a-Anlsy 1 

a-N1 tropheny 1 

a-Anlsy  1 

532 

a-Anlsy 1 

a-N! tropheny 1 

a-Nl tropheny  1 

533 

2.-N1  tropheny  1 

Pheny 1 

Pheny  1 

534 

2-N1 tropheny 1 

Phenyl 

Phenyl 

535 

Phenyl 

2, 4-D1n1 tropheny  1  Phenyl 

536 

2.-N1  tropheny  1 

2, 4-D1nl tropheny 1  Phenyl 

537 

E-N1 tropheny  1 

a-NItropheny 1 

Phenyl 

538 

a-Anlsy 1 

Phenyl 

Pheny 1 

539 

m-Anlsyl 

Pheny 1 

Phenyl 

540 

Phenyl 

a-NItropheny 1 
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TABLE  8  (continued) 


Lab, 

„  Radicals  1 

In  Positions  Indicated 

No. 

R5 

R2 

R3 

541 

a-Naphthy 1 

Pheny 1 

Phenyl 

542 

9-Anthrnay 1 

Phenyl 

Pheny 1 

543 

Ethylene 

Pheny 1 

Phenyl 

544 

&-Aminopheny 1 

Pheny 1 

Phenyl 

545 

&-Am1 nophenyl 

Pheny 1 

Pheny 1 

546 

2,-Ami  nop heny  1 

Pheny 1 

Pheny 1 

547 

Pheny 1 

Methy  1 

Pheny 1 

549 

^-Hydroxypheny 1 

Pheny  1 

Pheny 1 

550 

8,-Chloropheny  | 

Phenyl 

Pheny 1 

551 

2,-Fluoropheny  1 

Phenyl 

Pheny  1 

552 

£-Carboxypheny 1 

Phenyl 

Pheny 1 

553 

2,-Thiopheny  1 

Pheny 1 

Pheny  1 

++554 

Phenyl 

g.-N1tropheny  1 

2,-Iodopheny  1 

a  +  =  Formazan  prepared  and  purified; 
salt  prepared  and  purified. 

++  =  Tetrazo 

565 

fWv\ 
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TABLE  9 


DIFORMAZANS  AND  DITETRAZOLIUM  SALTS 
LISTED  FOR  PREPARATION 


RS-cf\h-R7- 

U  J 

N=Nt - 

Cl 


2.' 

fV 


/  N  \\ 


R 


r 

1 1 
*tN~ 
Cl 


•£C- 

r4N 


J 


(16) 


Lab* 

No. 

Trivial  Name 

R2.  2* 

R5.  5' 

++703 

Regular  Tetrazollum 
Blue 

Pheny 1 

Pheny 1 

&-Dlmethoxy- 
blpheny lene 

++705 

^-Antsyl  Blue 

Pheny 1 

e.-Anlay  1 

&-Dimeihoxy- 
blpheny lene 

++706 

Plperonyl  Blue 

Pheny 1 

Plper- 
ony  1 

2,-Dlmethoxy- 
btpheny lene 

++707 

Veratryl  Blue 

Pheny 1 

Veratry 1 

a-D1methoxy- 
blpheny lene 

++708 

m-N1troneotetrazo- 
1  turn  chloride 

Pheny 1 

jU,— N 1 1  ro— 
pheny  1 

Blpheny lene 

++709 

Neotetrazol lum 
chloride 

Pheny 1 

Pheny 1 

B1  pheny lene 

•►+710 

g,-N1tro-blue  tet- 
razoltum  chlorl de 

o-NItro 
pheny  1 

Pheny I 

fi,-D1methoxy- 
blpheny lene 
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B.  Description  of  the  Preparation  of  some  Monoformazans  and 
Monotetrazol lum  Salts. 

1.  Preparation  of  2.3.5-trlpheny  I  tetrazoHum  chloride 
(lab.  no.  504).  (a)  Preparation  of  the  formazan.  94  ml. 

of  aniline,  125  ml.  of  water  and  210  ml.  of  concentrated 
HC I  were  chilled  and  added  to  100  gm.  of  Ice.  This  was  dl- 
azotlzed  with  a  solution  of  70  gm.  of  NaN02  dissolved  in  150 
ml.  of  water.  The  diazotlzed  material  was  added  to  a  solu¬ 
tion  of  NaOH  and  benzalphenyl  hydrazone  through  a  dropping 
funnel  at  0»10°C.  over  a  period  of  2  hours.  The  stirring 
was  continued  for  an  additional  half-hour,  cooled  for  24  hours 
and  filtered.  The  NaOH  solution  was  prepared  by  dissolving 
250  g.  NaOH  In  250  ml.  of  water,  cooling  and  adding  700  ml. 
of  methanol.  This  was  added  to  200  gm.  of  the  hydrazone  In 
4  I  Iters  of  methanol . 

(b)  Purification  of  the  formazan.  The  formazan  was 
washed  with  100  mis.  of  methanol  and  suspended  In  a  solu¬ 
tion  of  250  ml.  of  methanol  and  250  ml.  of  acetone.  After 
boiling  for  5  minutes,  It  was  cooled  and  filtered  and  resus¬ 
pended  In  2  liters  of  boiling  water  for  10  minutes.  At  60°C» 
It  was  filtered  and  washed  with  50  ml.  of  boiling  methanol. 

The  product  was  dried  In  a  vacuum  desiccator. 

Ccl_ Qx1dat1on_of  the  formazan  to  the  tetrazoHum  salt. 

50  gm.  of  the  formazan  was  suspended  In  250  ml.  of  ethanol 
and  250  ml,  of  CHCI3.  To  this  solution  32  ml.  of  butyl  nl- 
trite  was  added  and  dry  HCI  gas  was  bubbled  through  the 
chilled  (5°C.)  solution  until  It  was  saturated.  The  oxl- 
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dation  Is  usually  complete  In  2  hours  and  the  red  mixture  Is 
then  colorless.  The  bubbling  was  discontinued,  but  stirring 
continued  for  1  hour.  Charcoal  was  added  and  the  mixture 
was  allowed  to  stand  overnight. 

(dl  Isolation  and  purl fj call  on  of  the  tetrazollum  salt. 
The  solvents  were  stripped  off  under  vacuum  to  leave  approx¬ 
imately  20  ml.  Methanol  (30  ml.)  was  added.  The  solution 
was  boiled  with  charcoal,  filtered  and  300  ml.  of  dry  ether 
and  25  ml.  of  acetone  were  added  while  the  walls  of  the 
flask  were  scratched  until  crystals  formed.  After  1  hour, 
the  crystals  were  filtered  and  recrystal  1 1  zed  to  give  a 
constant  melting  point  after  drying  In  a  vacuum  desiccator. 

2.  Preparation  of  2.5-d1phenyl-3"o:-tolv I  tetrazollum 
chloride  (lab.  no.  500).  The  same  procedure  was  followed 
as  described  in  the  previous  section  (B-1)  except  -tolul- 
dtne  was  diazotlzed, 

3.  Preparation  of  2-p-nltrp  phenv l-3-p-lodophenv 1-5- 

phenyl  tetrazolium  chloride  (no.  554).  (a)  30  gm.  of  a." 

nltrophenyl  hydrazone  was  suspended  In  1.1  liters  of  eth¬ 
anol  and  a  solution  of  KOH  (prepared  from  35  gm.  of  base 
dissolved  In  40  ml.  of  water  which  was  cooled  and  mixed 
with  150  ml.  of  ethanol)  was  added  with  stirring,  jj,-1odo- 
anillne  solution  (prepared  by  dissolving  25  gm.  In  30  ml. 
of  warm  water,  then  adding  35  ml.  of  concentrated  HCI, 
cooling  to  0®C.  and  diazotlzing  with  10  gm.  of  NaN02  1n 

20  ml.  of  water)  was  added  over  a  period  of  1  hour  with 
stirring  and  maintenance  of  0°C.  temperature.  The  stir- 
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ring  was  continued  for  1  hour  and  then  the  solution  was  al~ 
lowed  to  remain  In  the  cold  overnight. 

(b)  The  formazan  was  filtered  and  washed  with  50  ml; 
of  methanol  and  suspended  In  a  mixture  of  75  ml.  of  methanol 
and  75  ml.  of  acetone  which  was  then  boiled,  allowed  to  cool 
and  filtered  twice.  The  solid  was  suspended  In  1  liter  of 
boiling  water  for  5  minutes,  cooled  to  6o°C.,  filtered, 
washed  and  dried. 

(c)  15  gm.  of  the  lodo  formazan  In  350  ml.  of  ethanol 
and  350  ml.  of  CHClj  with  15  ml.  of  butyl  nitrite  was  oxi¬ 
dized  as  In  section  B— 1 —(c). 

(d) .  The  procedure  was  the  same  as  section  B-1-(d) 
except  that  the  tetrazollum  compound  Is  precipitated  by 
adding  the  alcoholic  solution  to  500  ml.  of  dry  ether.  The 
product  was  filtered  and  dried;  two  recrysta 1 1 1 zatlons  gave 
a  constant  melting  product. 

4.  Preparation  of  p-an1sy|  blue,  (a)  125  gm.  of  g.- 

anlsaldehyde  was  dissolved  In  500  ml.  of  methanol  and  heated 
to  boiling.  To  this  a  phenyl  hydrazine  solution  (120  ml,  of 
the  hydrazine  and  250  ml.  of  methanol)  was  added  while  stir¬ 
ring,  Yield  was  200  gm,  100  gms.  of  the  hydrazone  was  dis¬ 
solved  In  600  ml.  of  pyridine  and  cooled  to  -5“C.  The  slow 
addition  of  the  fast  blue  salt  was  performed,  stlfring  over 
a  period  of  5  hours  and  then  stirring  for  an  additional  hour 
cooled  overnight  and  precipitated  with  400  mis.  of  methanol. 
The  remainder  of  the  procedure  (b,c,d)  was  the  same  as  des¬ 
cribed  In  section  B-1 , 
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5.  Preparation  of  tetrazollum  blue,  (a)  100  gm.  of 
benzalphenyl  hydrazone  was  dissolved  in  1.5  liters  of  py¬ 
ridine.  To  this  hydrazone,  440  gm.  of  fast  blue  salt  was 
added  over  a  period  of  6  hours  while  the  temperature  was 
kept  at  0-5eC.  The  remainder  of  the  procedure  (b,c,d) 
was  the  same  as  described  in  section  B-1. 

6.  Preparation  of  p-nltro  tetrazollum  blue,  (a) 

100  gm.  of  benzal-a.«nitropheny Ihydrazone  was  dissolved  In 
1.2  liters  of  pyridine,  then  cooled  to  -5°C.  380  gm.  of 

blue  salt  was  added  to  the  above  solution  under  very  vig¬ 
orous  stirring  over  a  period  of  4-6  hours.  After  all  the 
blue  salt  was  added,  the  stirring  was  continued  for  an  ad¬ 
ditional  hour.  The  formazan  was  allowed  to  stand  In  the 
cold  for  24  hours. 

(b)  The  same  procedure  was  followed  as  described  In 
section  B-1-(b) , 

(c)  20  gm.  of  p-nltro-blue  formazan  was  suspended  In 
320  ml.  of  dloxane  and  300  ml.  of  tetrahydrofuran  and  32  ml. 
of  butyl  nitrite,  cooled  to  -10°C.  Then,  while  stirring, 
dry  MCI  was  bubbled  into  it  until  a  supersaturated  solution 
was  obtained.  It  requires  about  6  hours  for  the  completion 
of  oxidation.  8  ml.  more  of  butyl  nltllte  was  added  with 
charcoal  and  allowed  to  stand  for  24  hours. 

(d)  The  product  was  filtered  and  the  solvent  stripped 
to  30  ml.  Methanol'  (150  ml.)  and  charcoal  were  added  and 
filtered.  The  filtrate  was  slowly  added  with  vigorous  stir¬ 
ring  to  a  3  liter  wlde-mouth  flask  containing  1,5  liters  of 
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dry  ether.  The  product  was  filtered,  dried  and  recryatal- 
llzed  to  a  constant  melttng  point. 


(NOTE,:  The  "fast  blue”  mentioned  In  Sections  B-4  (a) 
and  5  (a)  refers  to  stabltzed  ^-dlanlsldlne  tetra- 
zonlum  salt  obtained  from  Dyestuff  Division  of 
Koppers  Co.) 
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SECTION  VIII 


PHYSICAL  CONSTANTS  AND  CHARACTERIZATIONS  OF  FORMAZANS 
AND  TETRAZOLIUM  SALTS  AND  PROBLEMS  ENCOUNTERED 

A.  Criteria  of  Purity. 

One  of  the  most  vexing  problems  In  this  phase  of  the 
work  has  been  to  establish  criteria  for  the  purity  of  (a) 
the  formazans  and  (b)  the  tetrazolium  salts. 

1.  Monoformazans .  The  problems  encountered  with  the 
monoformazans  are  not  very  great  though  tautomer ism  is  pos¬ 
sible  between  the  2-  and  3-  positions.  For  example,  if  one 
starts  with:  benzalpheny Ihydrazone  and  reacts  It  with  dia- 
zotized  a-naphthy lamine,  the  formazan  is  identical  to  that 
formed  when  one  starts  with  benzal -a-naphthy Ihydrazone  and 
reacts  it  with  dtazotized  aniline.  It  is  assumed  that  the 
hydrogen  bond  between  positions  2-  and  3-,  as  shown  in 
structure  (17)  permit  tautomerism: 


N-C  H  (.7) 

H  |  M 


Nv„  N-tl0H, 


N 


—  N  •  CfeH  j 


In  general,  the  criteria  of  purity  as  agreed  upon  in  this 
project  for  the  monoformazans  are: 

(1)  No  change  in  melting  point  after  two  successive  crys¬ 
tal  t izations. 
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(2)  No  change  In  I.R,  spectra,  maximum  U.V.  absorption 
values  and  Rf  values  after  two  successive  crystalli¬ 
zations  . 

The  use  of  melting  point  with  monoformazans  as  rapid 
criteria  of  purity  In  purification  by  crystallization  Is 
feasible,  since  generally  the  melting  points  are  below 
200® C,  and  do  not  decompose  appreciably  near  the  melting 
point,  though  after  melting,  the  crystallized  melt  obtained 
by  cooling  does  not  give  the  same  melting  point  again. 

However,  there  are  some  Inherent  difficulties  In  the 
purification  of  the  monoformazans,  particularly  If  the  rad¬ 
icals  on  positions  2,  3  and  5  have  nltro  groups  or  halogens. 
The  purification  depends  on  the  extent  of  the  reaction  be¬ 
tween  the  hydrazone  and  the  dlazotlzed  amine  which  prob¬ 
ably  at  the  alkaline  pH  of  the  reacting  medium  Is  the  dia- 
zotate  Ion,  The  solvent  and  temperature, and  perhaps, pH, 
have  an  effect.  This  Is  shown  by  the  preparation  of  the 
formazan  of  2-g,-n1tropheny  l-3-a.-lodopheny  l-5-pheny  I  formazan. 
The  formazan  was  prepared  by  three  different  methods*  In  the 
first,  the  usual  aqueous-alcohol  system  with  the  addition  of 
aqueous  potassium  hydroxide  was  used;  In  the  second,  the  hy¬ 
drazone  was  dissolved  In  pyridine  and  the  dlazotlzed  &-1odo- 
anlllne  was  added;  In  the  third,  the  hydrazone  was  dissolved 
In  dloxane  and  the  dlazotlzed  p-lodoani I ine  was  added.  Only 
the  first  method  gave  a  formazan  which  on  purification 
yielded  a  product  melting  at  184-185®C  which  Is  listed  In 
the  literature. 
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2«-  Dlformazans.  The  purification  of  dlformazans  Is  In¬ 
herently  more  difficult,  since  besides  the  desirable  reaction 
of  one  mole  of  tetrazotlzed  diamine  with  2  moles  of  ■fche  hy- 
drazone,  a  monoformazan  results  at  the  same  time.  This  has 
been  extensively  Investigated  by  Sellgman  et  al  (17)  in  con¬ 
nection  with  the  preparation  of  ^-nltrotetrazol lum  blue  for- 
mazan  or  2,2'-d1-uj*n1tropheny l-StS'-dlphenyl-S.S'-tefS'-dl- 
methoxy  )-4,4-b1pheny  lene  dlformazan.  Sellgman's  group  first 
reported  that  they  obtained  a  mixture  of  monoformazan  mel¬ 
ting  at  2lOdC.  and  dlformazan  melting  at  257°C.  They  re¬ 
ported  a  separation  with  boiling  dtoxane  In  which  the  mono¬ 
formazan  waB  Insoluble  and  the  dlformazan  soluble.  In  a 
later  paper  they  changed  their  directions  to  continuous  ex¬ 
traction  for  7  days  with  boiling  benzene.  It  has  not  been 
possible  to  conftrm  the  findings  of  the  Sellgman  group.  The 
pure  dlformazan  has  been  obtained  by  a  completely  different 
method  as  described  In  the  preceding  section  and  the  melting 
point  of  the  compound  Is  the  same  as  stated  by  Sellgman  et  al. 
256-257flC. 

3.  Tetrazol lum  Salts.  The  criteria  of  purity  for  the 
tetrazollum  salts  are  even  more  confused  due  to  the  following: 
(a)  the  melting  points  of  the  tetrazollum  salts  are  decompo¬ 
sition  points  and  are  affected  by  the  rate  of  heating;  (b) 
tetrazollum  salts  solvate,  tend  to  separate  as  oils,  and  not 
Infrequently  crystallize  with  various  numbers  of  molecules 
of  the  solvent  of  crystallization.  Numerous  examples  can  be 
cited  that  by  dissolving  portions  of  the  same  lot  In  methanol, 
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or  In  Isopropyl  alcohol  and  then  precipitating  with  ether, 
products  are  obtained  with  different  melting  points;  (c) 
finally,  there  Is  the  possibility  of  polymorphism  an0  pos¬ 
sible  stereoisomerism  In  some  of  the  tetrazollum  salts. 

All  of  the  above  considerations  led  to  a  detailed  and 
exhaustive  study  of  the  oxidation  of  formazans  under  condi¬ 
tions  which  will  yield  products  which  can  be  Isolated  read¬ 
ily,  purified  and  given  uniform  constants. 

It  has  been  found  that  the  following  factors  play  an 
Important  role  during  the  oxidation  of  the  formazan  and 
closing  of  the  ring:  (a)  solvent  system;  (b)  temperature; 

(c)  presence  of  water  as  for  example,  addition  of  concen¬ 
trated  aqueous  hydrochloric  acid  gives  Inferior  results  to 
the  use  of  anhydrous  hydrogen  chloride;  (d)  evaporation  of 
the  solvent  after  oxidation  under  reduced  pressure  Instead 
of  evaporation  In  contact  with  air;  (e)  method  of  crystal¬ 
lization.  The  last  point  Is  Illustrated  by  the  purification 
of  a.-n1trobluetetrazolium  chloride.  The  same  crude  was  used. 
By  varying  the  method  of  crystallization,  one  lot  gave  crys¬ 
tals  melting  at  2I2°C,,  another  at  184-185®C.  and  the  third, 
crystals  that  did  not  melt  at  300"C.  The  lots  melting  at 
184-185“  and  212°C.  gave  substantially  Identical  l.R,  spec¬ 
tra,  However,  there  still  remains  the  suspicion  that  the 
two  lots  may  behave  differently  towards  enzyme  systems. 

These  are  problems  which  have  to  be  Investigated. 
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B.  Physical  Constants  of  Formazana  and  Tetrazollum  Salts^ 
This  phase  of  the  work  Is  stHI  In  progress.  The  data 
given  In  Table  10  are  tentative.  A  large  amount  of  data  are 
missing  because  It  Is  considered  a  waste  of  time  to  determine 
constants  unless  the  pur  tty  and  nature  of  the  compound  has 
been  established.  Work  on  the  Rf  values  of  both  formazans 
and  tetrazollum  salts  Is  just  beginning, 

TABLE  10 

MELTING  POINTS  AND  INFRARED  SPECTRA  OF  FORMAZANS 
AND  TETRAZOLIUM  SALTS 


Lab.  No. 

No.  Cr.a 

M.  P. 

Lii 

500  F* 

2 

125-8 

- 

501  F 

2 

101-3 

- 

503  F 

2 

144-6 

- 

504  F 

2 

159-61 

- 

506  F 

3 

148-51 

- 

507  F 

2 

157-8 

- 

509  F 

3 

142-4 

- 

511  F 

2 

124-6 

MB 

512  F 

2 

146-8 

- 

513  F 

3 

154-6 

514  F 

3 

160-2 

- 

515  F 

2 

101-2 

- 

516  F 

3 

159-61 

- 

519  F 

2 

113-9 

- 

520  F 

2 

116-8 

- 

521  F  2 
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TABLE  10  (continued) 


Lab.  No. 

No.  Cr. 

J4*Pxi°c) 

I.R. 

522  F 

2 

107-8 

- 

523  F 

2 

162-4 

- 

524  F 

2 

114-6 

m 

525  F 

2 

147-50 

- 

554  F 

2 

184-5 

- 

554  Sd 

2 

194-5 

703  S 

3 

252 

+ 

705  8 

2 

197 

+ 

706  S 

2 

206 

+ 

707  S 

2 

199 

+ 

708  8 

2 

240 

+ 

709  S 

I  I  • 

25?-? 

+ 

710  S 

•  •  • 

184-5 
212-13 
over  300 

+ 

a  No.  Cr.  a  number  of  crystallizations  of  product  for 
which  the  value  Is  reported. 
b  I.R.  a  Infrared  spectra;  +  a  determined;  -  a  not 
determined. 

®  F  a  formazan. 
d  S  =  tetrazollum  salt. 

•  *  •  *  mm 

C.  The  Use  of  Tetrazollum  Salts  for  Detection  of  Radiation 
and  also  for  Protection  Against  Radiation. 

A  complete  blbleography  of  all  reported  literature  on 
tetrazollum  salts  Is  contemplated.  However,  attention  should 
be  called  to  three  papers  by  Glerlach  and  Krebs  (18)  from  the 

Army  Medical  Research  Laboratory  at  Fort  Knox,  Ky.  between 
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1949-1952.  Copies  of  these  pepers  are  being  submitted  to  the 
Physical  Defense  Division  of  Fort  Detrlck  Laboratories.  The 
present  author  has  not  seen  any  further  reports  on  Investl- 


some  exploratory  work  should  be  done  with  the  pure  tetra- 
zollum  salts  furnished  to  the  Fort  Detrlck  Laboratories  to 
determine  their  possible  use  In  radiation  studies. 
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